Jewish population aged 40-70 (excluding known diabetic patients), whose body mass index had been measured 10years earlier, underwent an oral glucose tolerance test and redetermination of body mass index. Irrespective of weight changes, high concurrent and high past body mass index values ('-27) were associated with similarly increased rates of glucose intolerance as compared with body mass index values < 27 at both time-points (rate ratio 1.76, 90% confidence limits 1.56-1.99). Glucose intolerance here includes borderline and impaired tolerance as well as Type 2 diabetes. The rate of Type 2 diabetes increased only with increasing past body mass index, while concurrent body mass index had no effect [rate ratios: 2.36 (1.48-3.75) and 1.99 (1.48-2.68) respectively for the medium-(23-26.9) versus-low (< 23) and high-('-27) versus-medium past body-mass-index categories]. Weight reduction was associated with only slightly reduced rate of glucose intolerance and had no effect on the rate of diabetes. Mean sum insulin (summed 1 and 2 h levels, mU/1) increased significantly with increasing concurrent body mass index (123, 150 and 190 in the low, medium and high categories) with no effect of past body mass index. It also increased significantly (p < 0.001) in all concurrent body mass index categories from normal tolerance through borderline to impaired tolerance, and decreased significantly (/9 < 0.001) in diabetes relative to impaired tolerance, although it remained above normal. Means of sum insulin within each glucose tolerance level were similar in the two lower concurrent body mass index categories, with markedly higher (p < 0.001) levels in the high body mass index category. All these findings held after accounting for age, sex, ethnic group and use of antihypertensive medications. We conclude that body mass index x 27 leads to early impairment in glucose tolerance. A prolonged period of obesity is apparently required for the development of Type 2 diabetes and its associated reduced insulin response. The reversibility of the deterioration of glucose tolerance seems to be limited.
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Obesity has long been implicated in the aetiology of Type 2 (non-insulin-dependent) diabetes mellitus and impaired glucose tolerance [1] [2] [3] [4] [5] [6] . All these conditions are characterized by hyperinsulinaemia reflecting insulin resistance [7] [8] [9] [10] [11] [12] [13] [14] . Short-term follow-up studies of small selected groups have shown improvement of glucose tolerance, hyperinsulinaemia and insulin resistance consequent on weight reduction, and their worsening following weight gain [15] [16] . Association of Type 2 diabetes and impaired glucose tolerance with concurrent obesity has been demonstrated by numerous large-scale cross-sectional epidemiological studies [1-3, 5, 6] . Association of past degree of obesity with subsequent development of Type 2 diabetes has been shown by a number of longitudinal studies [17] [18] [19] [20] , but the relative impacts of past and concurrent obesity were not assessed and no reference was made to impaired glucose tolerance. None of these studies addressed the possibility that the effect of overweight could be due to the increased burden of antihypertensive medications associated with the higher rate of hypertension in obese subjects, as these medications in themselves lead to deterioration of glucose tolerance [21, 22] . To the best of our knowledge, no population study has examined the effect of past obesity on insulin response.
The current report on a representative sample of the adult Jewish population in Israel evaluates the interplay of the effects of past and concurrent degree of obesity on the prevalence of the full range of glucose intolerance categories as well as on insulin response. Allowance is made for use of antihypertensive medications.
Subjects and methods
The study is based on a subgroup of the Israel Study of Glucose Intolerance, Obesity and Hypertension (The Israel GOH Study) a continuing nationwide longitudinal study ( [23] , attended regional medical centres after having the same variables recorded at home, where four blood pressure measurements were obtained -two before and two after the interview. The detailed sampling procedure and design in both phases have been reported elsewhere [23] . At the centre, participants not known to be diabetic were asked to undergo an oral glucose tolerance test (OGTI'). From 1979 to 1982, determination of insulin response to the oral glucose load was added to the protocol and determined in the most recent 1200 participants [24] . The current report addresses results from 2140 participants who underwent a full OGTT and whose weight and height were recorded in both phases with a mean interval of about 10 years. (The remaining cases comprise 191 previously-known diabetic patients, 294 OGTI" refusals or technical problems, and 144 with incomplete data on weight or height). In a consecutive series of 362 individuals examined by OGTF at the beginning of Phase II and not diabetic, glucose tolerance and weight were determined again following a mean interval of 3.5 years. A standardized, detailed, quantitative dietary history, covering a year-round profile as well a 24-h recall, was obtained for 632 randomly-selected individuals in whom insulin was measured. Both subsamples resembled the group of 2140 individuals in terms of age, sex, ethnic origin, BMI and blood pressure. No specific dietary instructions were given for the period preceding the OGTF, since compliance could not be ascertained. However, the dietary interviews indicated a daily intake of at least 250 g carbohydrate in the majority of participants, and the proportion of subjects with carbohydrate intake < 250 g/day was similar in all glucose tolerance categories (unpublished data); only a daily intake under 150 g affects test results appreciably [6] . Blood samples were drawn after an overnight fast and 1 and 2 h after a 100-g oral glucose load. While the recommended load for determination of glucose tolerance level is 75 g, the difference between these two loads is known to have little influence on blood glucose levels [6] . The 100-g oral glucose load was selected for its greater stimulation of insulin secretion [25] . Plasma glucose was determined by routine automated Technicon AutoanalyserII based on ferricyanide reduction. Plasma insulin (mU/1) was determined in duplicate by Phadebas Radioimmuno- Body mass index (BMI -weight in kg/(height in m) 2) was used to express relative weight. Past BMI refers to Phase I. Concurrent BMI refers to that at the time of the OGTI" in Phase II (in the group of 362 examined twice, it refers to the most recent BMI). Type 2 diabetes and glucose intolerance (GINT) were defined by the National Diabetes Data Group criteria [6] . Classification of Type 2 diabetes by these criteria overlaps the WHO criteria while affording better discrimination of abnormal tolerance [23] . GINT comprised the nondiagnostic (which we termed borderline) and impaired tolerance categories as well as Type 2 diabetes. Hyperinsulinaemia was defined as the sum of the insulin levels at 60 and 120 rain after glucose load (sum insulin) being above the 75th percentile of sum insulin in the subgroup of nonobese normotensive persons with normal glucose tolerance (sum insu- Rates among those x_27 at either examination are underlined lin > PN75) [24] . Hypertension was defined either by reported use of antihypertensive medication or by at least two of the four blood pressure measurements exceeding 145 mmHg systolic or 93 mm diastolic [24] . The independent effects of past and concurrent BMI on the rates of (1) GINT, (2) Type 2 diabetes and (3) hyperinsulinaemia in the total study group were analyzed in two ways:
1. BMI, both past and concurrent, was divided into three categories: low, <23; medium, 23-26.9; and high, "-27. Persons who changed BMI category over the follow-up period were compared with those whose category did not change, first within their past and again within their concurrent BM! category respectively, by Mantel-Haenszel rate ratios with 90% test-based confidence limits (equivalent to a onetailed 0.05 probability customarily used in this type of analysis) [26] as given in brackets following the rate ratios in the text and tables.
2. Logistic regression analysis (Biomedical Computer Programs, University of California, Program LR) was performed, with rate of GINT, Type 2 diabetes or hyperinsulinaemia respectively as the dependent variable. The independent variables were concurrent and past BMI as categorical variables, first as three categories (high, medium and low), then again as two categories (grouping together the medium and low ones, since their effects were not found to differ significantly), controlling for the possible confounding effects of age, sex and ethnic group. Results of the latter analysis were expressed as adjusted rate ratios, with 90% confidence limits derived from the logistic coefficients.
In the group of 362 individuals whose glucose tolerance was examined twice, analysis related the effect of past and concurrent BMI on the rate of individuals whose glucose tolerance category deteriorated, i.e. normal tolerance changing to GINT as well as borderline or impaired tolerance changing to Type 2 diabetes. This rate was the dependent variable in the logistic regression analysis, with past BMI and difference between past and concurrent BMI as continuous indepen-dent variables, again controlling for age, sex and ethnic group. The modified approach to analysis was adopted because of the smaller number of cases in this group. Results were expressed as risk of deterioration associated with increase of 1 BMI unit.
Differences in variability, expressed as standard deviation, of sum insulin between BMI categories, were analysed by F test.
Results

General
Glucose intolerance (GINT) was found in 696 (32.5%) and Type2 (non-insulin-dependent) diabetes in 132 (6.2%) of the 2140 participants.
The basic relationship of the rates of GINT and of Type 2 diabetes with obesity was demonstrated in 825 individuals with both past and concurrent BMI in the same two-unit interval (Fig. 1) . Both rates rose gradually but non-linearly as BMI increased, with inflection points at BMI%27 for GINT and at BMI ~_31 for Type 2 diabetes.
With BMI grouped into three categories (low, medium and high), past and concurrent BMI categories were the same in 1392 (65%) of the 2140 participants (nochange group), while 182 (8.5%) had been in a higher category and 566 (26.4%) in a lower category in the past (Table 1 ). In 94% of the latter 748 individuals BMI changed by at least one full unit; the majority shifted to the adjacent BMI category, with changes ranging from 2.6 to 9.7 kg. Only 4.7% changed by two categories. It should be noted that these categories were chosen after preliminary analyses, based on greater numbers of narrower categories which yielded practically the same resuits as those described below.
In the no-change group, the GINT rate ratio for the medium BMI category relative to the low (27.4versus 22.4) was 1.22 (1.01-1.48), rising to 1.72 (1.50-1.97) for the high relative to the medium category (47.0 versus 27.4) ( Table 2 ). This greater increase in rate from the medium to the high category persisted in all strata by sex, age, blood pressure and ethnic groups (except in Yemenites, in whom it rose almost twofold even in the medium compared with the low category (p =0.001) with a similar increment from the medium to the high category), despite differences in absolute rates between strata ( Table 2) . Rates increased with age in all BMI categories (p < 0.0001). They were significantly lower in women then in men in the low and medium categories (p < 0.0001). Differences between ethnic groups were not significant in the low BMI category. However, in the medium and high categories the rates in Yemenites were significantly higher than in the other three groups (p = 0.0001). The same effect of BMI was present in normotensive subjects as well as in both untreated and treated hypertensive subjects, although the rate of GINT was significantly higher in both hypertensive categories (p < 0.001). Trends were similar for Type 2 diabetes alone. The lack of significance of the effect of concurrent BMI may be due to an insufficient number of cases (n ---50) whose past and concurrent BMI were < 27 and % 27 respectively, in whom the effect of concurrent BMI is expected to be evident according to the cross-sectional data. BMI at the time of the 1st OGTF also had no effect on the deterioration. b **<0.001; *<Z0.01; -N.S.
The independent effects of past and concurrent BMI on the rates of GINT and of Type 2 diabetes were evaluated by comparing individuals in past higher and past lower BMI categories, respectively, with the nochange group (see rates in Table 3 ; rate ratios, confidence limits and significance levels in Table 4) Thus, the rate of GINT in individuals who reduced their weight was determined primarily by their past BMI category. Individuals with lower past BMI. These had mildly but significantly lower rates than the no-change individuals in the same concurrent BMI category (21.2 versus 27.4, 40.1 versus 47.0). When their concurrent BMI was medium (i. e. past BMI low), they resembled the nochange individuals in the same past BMI category (21.2 versus 22.4). However, when their concurrent BMI was high (i. e. past BMI medium) the rate was significantly higher than that in no-change individuals in the same past BMI category (40.1 versus 27.4). Thus, in individuals with concurrent high BMI category, the main determinant of the rate of GINT was concurrent BMI.
Pattern summary. In all, individuals with BMI _ 27 (whether past, concurrent or both) were characterized by significantly increased prevalence of GINT (40.0, 47.0, 40.1) with a rate ratio of 1.76 (1.56-1.99) relative to those always < 27. Among the latter, the rate of GINT was unaffected by current BMI, and was mildly but significantly increased (p < 0.05) in individuals with past medium BMI (30.4 and 27.4) versus those with past low BMI (22.4 and 21.2) . The same analysis, repeated for normotensive subjects alone, yielded similar effects of past and concurrent BMI on GINT as in the total group (Table 4) .
Effect of past and concurrent BMI category on Type 2 diabetes:
Individuals with lower or higher past BMI. Rates of Type2 diabetes among all individuals who changed BMI category differed significantly from those in nochange individuals in the same concurrent BMI category (Tables 3 and 4 ). The rate was higher among those whose past BMI was higher (6.5 versus 3.1 and 14.4 versus 5.5), and lower in those whose past BMI was lower (1.5 versus 5.5 and 5.7 versus 10.6). Rates of Type 2 diabetes among those who changed category did not differ significantly from the rates among the no-change individuals in the BMI category to which they had belonged in the past (6.5 versus 5.5, 14.4 versus 10.6; 1.5 versus 3.1 and 5.7 versus 5.5 respectively).
Pattern summary. The rate of Type 2 diabetes was determined in all individuals by past BMI, with no apparent effect of concurrent BMI. A twofold increase in this rate was associated with past high versus past medium BMI as well as with past medium versus past low BMI. It should be noted that of the 132 diabetic patients. Nineteen reduced while 21 increased their BMI category, the majority remaining unchanged.
Effect of unit change in BMI: Dependence on whether maximum BMI >t 27
Weight changes in themselves, expressed in BMI units rather than categories, had no effect on the rate of GINT (Table 5 ) unless leading to BMI ~_27. Thus the similarly low rates in individuals with both past and concurrent BMI < 27 as well as the similarly high rates in those whose BMI was ever x 27 regardless of whether BMI had decreased, increased or stayed the same, reemphasize that the main determinant of the rate of GINT was BMI x_27 at either examination. The same analysis for the rate of Type 2 diabetes showed again that it was determined only by past BMI with no effect of subsequent weight changes.
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Effect of past and concurrent BMI on deterioration of glucose tolerance
In the 362 individuals who had two OGTI?s, the overall rate of deterioration of glucose tolerance was 11.6% and similar in magnitude whether initially normal, borderline or impaired (Table 6 ). Here too, the same threshold effect of BMI ___27 was found ( Table 6 ). The rate ratio for deterioration among those with BMI x__27 at any point to deterioration in those with BMI always < 27 was 1.56 (0.97-2.52), similar to the parallel cross-sectional rate ratio of 1.76 (Table 4) for GINT in the total study group. Although this rate ratio was only on the border of significance, past BMI was significantly associated with the rate of deterioration in the logistic regression analysis (p < 0.01, Table 7 ).
Effect of past and concurrent BMI on insulin response
In individuals who did not change BMI category, insulin response increased with increasing BMI as expected (p < 0.001_)~rom 123 in the low through 150 in the medium and 19 0 in the high BMI category. In individuals who changed BMI category, insulin response was similar to that of no-change individuals in the same concurrent BMI category (Fig.2) Figures) . Within glucose tolerance categories the significant (p < 0.001) effect of concurrent BMI on sum insulin was mainly associated with BMI _ 27 while levels were similar in the two lower BMI categories (Fig.3) . Insulin response increased significantly (p < 0.001) in all three concurrent BMI categories from normal through borderline to impaired tolerance, and decreased significantly (p < 0.001) in diabetes relative to impaired tolerance although remaining above normal.
Multivariate analysis
All effects of past and concurrent BMI were verified by logistic regression analysis, controlling for age, sex and ethnic group (Table 7) .
Discussion
The universal association of concurrent obesity and GINT has been amply demonstrated in cross-sectional studies in diverse populations [1] [2] [3] [4] [5] [6] . Longitudinal studies of samples of free-living general populations as well as of individuals with impaired glucose tolerance support an aetiological role for obesity in subsequent development of Type 2 diabetes [17] [18] [19] [20] [27] [28] [29] [30] . The effect is believed to be due to the hyperinsulinaemia and insulin resistance associated with obesity [12] [13] [14] . Accordingly a vicious circle is initiated. The hyperinsulinaemia causes down-regulation of insulin receptors in target tissues, further increasing insulin resistance and leading with time to impaired glucose tolerance, eventual B cell exhaustion and overt diabetes. This prevailing hypothesis assigns an essential role to the time element in the association of obesity and GINT. Indeed, overweight in the distant past was shown to be more determinative of the rate of worsening of impaired glucose tolerance to diabetes than overweight in the immediate past [27] [28] [29] [30] , but the relative roles of past and concurrent overweight have not been quantitatively evaluated.
With respect to deterioration of normal to impaired glucose tolerance, only indirect evidence is available [31, 32] . A potential confounding factor ignored in all these studies is the effect of antihypertensive medications, which cause deterioration of glucose tolerance [21, 22] and are important here in view of the increased prevalence of hypertension among the obese [33, 34] . Our analysis was based on a representative population sample, accounted for the potential confounding effect of antihypertensive medications, and related quantitatively to the effect of both past and concurrent degree of overweight on the full range of GINT. It showed that:
a) The main determinant of the rate of Type 2 diabetes was the degree of obesity ten years earlier, while concurrent degree of overweight and interim weight changes had little effect. It is interesting that the majority of our Type 2 diabetic patients (all newly-found and asymptomatic) did not change BMI category, while the small number of those who lost weight was similar to that of those who gained weight. Since, as in the non-diabeticsubject, other reasons for weight loss must also have been present, diabetes-related weight loss was not more than a marginal factor in our study group.
b) The rate of GINT was affected by past as well as concurrent BMI ___ 27, both of which were associated with an almost twofold increase in rate. Apart from an inCrease over the threshold of BMI 27, weight changes in either direction had only a minor effect on the rate of GINT.
c) The association with degree of overweight was nonlinear, with threshold effects of BMI _ 27 for GINT, and x__31 for Type 2 diabetes, which were evident in all age, sex and blood pressure categories and in three of our four ethnic groups.
Similar non-linearity and inflection points were found in other studies in a variety of populations [17, 18] . The only exception in our study was the Yemenite group, in which the increase in rate was linear, increasing steeply even at intermediate excess of weight. It is intriguing to speculate to what extent this sensitivity of Yemenites to the slightest degree of overweight plays a role in the transition from their reported zero rate of diabetes upon immigration to Israel [35] to their current exceedingly high rate. other out, masking the effect of past BMI on mean insulin response.
The potential effect on our results of selective mortality between Phase I and Phase II must be addressed. As in other studies [34, 36] , mortality among Phase I participants was higher in the high BMI category (Modan et al, unpublished data). While glucose tolerance was not examined in Phase I, in all likelihood Phase I diabetic patients, and perhaps persons with impaired glucose tolerance as well, would here have a higher mortality rate. This would tend to decrease the apparent effect of past BMI, and thus does not invalidate our results.
In conclusion, our findings show that past degree of overweight determines the rates of both Type 2 diabetes and impaired glucose tolerance ten years later. It seems reasonable to assume that high BMI in the more distant past will also have a diabetogenic effect. A concurrent high degree of overweight affects the rate of impaired glucose tolerance but not of Type 2 diabetes. Thus deterioration of normal to impaired glucose tolerance seems to occur shortly after BMI increases ~_27. The effect of moderately high BMI is apparently more protracted. For the development of Type 2 diabetes with its associated reduced insulin response, a prolonged period of obesity seems to be required. These findings are compatible with the "late diabetogenic effect" suggested by Keen at al [27] , as well as with the vicious circle hypothesis described above. The threshold effect of BMI ~27, both on rate of GINT and on insulin response, suggests a "critical mass" of fat tissue which accelerates deterioration of glucose tolerance. While improvement in glucose tolerance and insulin sensitivity accompanies weight reduction in short term studies, our data seem to indicate that in the long term reversibility of the process is limited, at least in the range of weight loss which characterized our study group.
